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ABSTRACT

Acutely stressful situations can disrupt behavior and deplete brain

norepinephrine and dopamine, central catecholaminergic neurotransmitters (1).

In animals, administration of tyrosine, a large neutral amino acid and dietary

precursor of the catecholamines, reduces these behavioral and neurochemical

deficits (2). We investigated whether tyrosine (100 mg/kg) would protect

humans from some of the adverse consequences of a 4.5 hour exposure to

environmental stressors. Tyrosine significantly decreased symptoms, adverse

moods, and performance impairments in subjects who exhibited average or greater

responses during cold and high altitude exposure. This suggests that treatment

with tyrosine may benefit humans experiencing acutely stressful situations,

perhaps by affecting central catecholamines.

Accession For

NTIS GRA&I
DTIC TAB El
Unannounced El
Justification

By

Distribution/

Availability Codes

Dit Special



Banderet & Lieberman-p. 3

Animals that have been acutely stressed exhibit characteristic

neurochemical and behavioral changes (1). In certain brain regions utilization

of noreplnephrine and other neurotransmitters increases substantially and

norepinephrine levels decline; concurrently, the animals explore less, display

less interaction witn their environment, and seem debilitated (1). Tyrosine,

given acutely or in the diet, protects rodents from both the neurochemical and

the behavioral effects of such acute stressors as tail shock or a cold swim

(3).

Tyrosine is an amino acid found in dietary proteins and is the

precursor of norepinephrine, dopamine, and epinephrine (2). During stressful

situations, active catecholaminergic neurons may require additional quantities

of this precursor so that brain catecholamine synthesis will keep pace with the

increased amounts of neurotransmitter being released (2). Some of the

behavioral deficits caused by acute stress may result from depletion of

norepinephrine, and perhaps dopamine, in particular catecholaminergic neurons

(4). Noradrenergic neurons within the locus coeruleus are thought to influence

attention, alertness, motor activity, and anxiety (4). Thus, tyrosine could

protect against adverse behavioral effects of acute stress by preventing

depletion of norepinephrine in such neurons. To our knowledge tyrosine's

effects on experimentally stressed humans have not been examined previously;

among unstressed subjects its administration resulted in small improvements in

* mood and reaction times (5).

We evaluated tyrosine using a combination of environmental

stressors---cold and simulated high altitude; these treatments produce

measurable changes in symptoms (6), mood (7), and performance (8). Acute cold

*exposure depletes central catecholamines and impairs various behaviors in

rodents (1). Also, high altitude (hypoxia) causes changes in performance and

mood soon after ascent to altitde (e.g. 8).
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Twenty three male U.S. Army personnel, aged 18-29 years (median - 21),

participated in this experiment. All were volunteers and gave their informed

consent after they were fully appraised of the potential risks and benefits of

the study (9).

The volunteers were all exposed to two levels of environmental

0 0

stressors: 1) 15 C and 4200 m simulated altitude and 2) 15 C and 4700 m

simulated altitude. High altitude conditions were simulated by reducing

atmospheric pressure (10). Exposure to a cold and hypobaric environment

resembles conditions encountered by humans who travel to mountainous regions.

The altitudes we selected were slightly less and slightly greater than Pikes

Peak, Colorado. A control condition with normal temperature and pressure
0

conditions (22 C and 550 m altitude) was also included.

Tyrosine was compared to placebo with a crossover design. Subjects

were tested with both placebo and tyrosine for each of the three environmental

conditions. Each environmental exposure (control condition, lessor stressor,

or greater stressor) was 4.5 h per day. The actual environmental condition was

unknown to the subjects until they experienced it.

Tyrosine or placebo was administered double-blind, in gelatin capsules,

and in two equal doses (11). On a given test day about half of the subjects

received tyrosine; the others received placebo (12). Test sessions began at

7:00 A.M. The first dose (50 mg/kg) was given after 20 min, just before we

exposed subjects to the environmental condition. The second dose (50 mg/kg),

30 min after the first. The total dose was about 80% of an adult's daily

dietary intake. Blood samples (<20 ml) were drawn from an arm vein just before

the first dose of tyrosine or placebo, and 150 and 265 min later and used for

determination of plasma tyrosine concentrations (13). At least 48 h separated

test sessions. We studied separate groups of 7, 4, and 12 subjects for 20 days

each.
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Cold and high altitude environments produce many adverse effects; we

measured symptoms, mood states, cognitive performance, reaction time, and

vigilance (14). Subjects rated their symptoms with the Environmental Symptoms

Questionnaire (6). Mood states were evaluated with four scales that have been

employed to evaluate a variety of psychoactive drugs, foods, environmental

conditions, and behavioral disorders (7,15): 1) The Clyde Mood Scale, 2)

Multiple Affect Adjective Check List, 3) Profile of Mood States, and 4)

Stanford Sleepiness Scale. We also designed a questionnaire, the

Catecholaminergic Effects Scale, to evaluate behavioral changes that might

result from the neurochemical consequences of administering tyrosine. The

tasks for assessing cognitive performance required focusing of attention,

applying prior knowledge to problems, processing spatial and verbal

information, performing mathematical calculations, and making decisions (16).

We also measured reaction time (17) and vigilance (18).

To insure that the treatment strategy was evaluated in subjects that

were impaired by exposure to the environmental stressors, we selected

individuals who were most affected by exposure to cold and high altitude. We

defined responders, for each dependent measure and level of environmental

stressor, based upon their scores when they were treated with placebo (19).

The combination of cold and simulated high altitude exposure produced

many statistically significant symptoms, adverse moods, and impairments in

performance, in subjects treated with placebo. As expected (21), we observed

marked variability between subjects; some subjects experienced minimal effects.

Also, some dependent variables were not affected by the environmental

stressors.

Typically, symptom intensities in selected subjects were five times

greater during stressful environmental conditions than during the control

environmental condition, while headache and coldness were seven and fourteen
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times greater, respectively. Mood states (negative scale type) were two times

greater; moods (positive scale type) decreased 10%. Performances (positive

scale type) decreased 5 to 20%; whereas, choice reaction time errors increased

100%. Vigilance performance was 65% of the control value.

Plasma tyrosine levels were significantly increased following tyrosine

administration. Baseline levels of plasma tyrosine before treatment with

tyrosine was 42.7 + 3.3 nmoles/ml, averaged across all environmental

conditions. Plasma tyrosine levels were 108.5 + 5.1 nmoles/ml, 150 min after

ingestion of tyrosine. After 265 min, plasma levels decreased slightly to 98.6

+ 6.3 nmoles/ml. Neither level of environmental stressor changed plasma

tyrosine concentration during tyrosine or placebo treatment. Heart rate and

blood pressure did not differ as a function of tyrosine treatment condition for

any level of environmental conditions.

Tyrosine significantly reduced many adverse behavioral effects caused

by exposure to cold and high altitude stressors. Figure 1 shows treatment data

from the Environmental Symptoms Questionnaire, Stanford Sleepiness Scale, and

the Catecholaminergic Effects Scale. Tyrosine, compared to placebo,

significantly reduced symptoms of headache, coldness, distress, fatigue,

muscular discomfort, and sleepiness during exposure to at least one level of

the environmental stressors. Tyrosine was also beneficial as measured by the

Catecholaminergic Effects Scale. Overall, tyrosine treatment reduced all

symptoms with significant treatment effects by 20-40% (median = 30%).

Similarly, tyrosine overcame 85-95% of the impairments m- asured by the

Catecholaminergic Effects Scale.

Tyrosine also reduced adverse emotions experienced during exposure to

the environmental stressors. Fig. 2 shows some mood states from the Clyde Mood

Scale, Multiple Adjective Affect Check List, and the Profile of Mood States.

During exposure to the environmental stressors, tyrosine treatment reduced
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symptomatology of dizziness, confusion, fatigue, unhappiness, hostility, and

tension. The subjects also reported they could think more clearly. All

measures of mood, with significant treatment effects, improved by 10-88%

(median - 31%). Clear thinking improved most, i.e. 88%.

Subjects' functional capacities were also impaired by exposure to the

cold and high altitude conditions. Treatment with tyrosine reversed many of

these adverse effects (Fig. 3). Subjects, exposed to the lessor environmental

stressor, completed more Addition, Coding, Map Compass Applications, Number

Comparison, and Pattern Recognition problems correctly. They also had

decreased Choice Reaction Time latencies and fewer errors. Dual Task

performance did not differ as a function of treatment condition.

Beneficial effects from tyrosine were also apparent during the greater

environmental stressor. Tyrosine increased the number of correctly completed

Number Comparison and Pattern Recognition problems, increased vigilance (Dual

Task), and significantly decreased latencies on the Choice Reaction Time task.

The remaining tasks in Fig. 3 were not affected by the treatment. Overall,

tyrosine improved performances with significant treatment effects by 10-84%

(median - 62%).

In this study tyrosine reduced adverse behavioral effects caused by

exposure to cold and high altitude without apparently producing any side

effects. Specifically, tyrosine decreased symptom intensities, adverse moods,

and performance impairments. We evaluated 37 different behavioral measures and

22 yielded significant treatment effects for at least one level of the

environmental stressor. Some of the other variables such as "aggressiveness"

and "exertion" were not affected by exposure to cold and simulated high

altitude. We observed positive effects of tyrosine at both levels of the

environmental stressors thereby providing an internal replication of the

treatment effect in this study.

IZM'IIZ
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S

In our analyses, we selected those subjects most affected by an

environmental stressor to evaluate the treatment strategy. We assumed that

unless a behavior (e.g. mood, performance) was impaired, it could *not improve

with treatment. This strategy is consistent with the neurochemical rationale

for treating individuals with tyrosine to overcome neurotransmitter deficits;

individuals must have deficiencies before they will benefit from tyrosine

supplementation (2). Catecholaminergic neurons only appear to be responsive to

additional substrate when they are highly active (22). Presumably, individuals

with the largest stress-induced impairments have the greatest central deficits

in catecholaminergic functioning. In generalizing to other situations, our

study suggests that beneficial effects of tyrosine will be observed in subjects

most affected by environmental or other stressors (23).

Many of the behavioral functions we found to be affected by treatment

with tyrosine are believed to be regulated, in part, by noradrenergic neurons

in the locus coeruleus. For example, anxiety (tension), vigilance, and

attention are behaviors modulated by these neurons (1,4). Therefore, the

beneficial effects of tyrosine that we observed are consistent with expected

neurochemical changes in central catecholaminergic function.

This study demonstrates that tyrosine reduces the effects of cold and

high altitude on human behavior. Tyrosine reduced the adverse effects of these

acute environmental stressors on various symptoms, moods, cognitive

performance, reaction time, and vigilance. Further research will be needed to

determine whether tyrosine's beneficial effects generalize to other situations.
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TABLE CAPTION

Table I. Psychometric instruments used to assess symptoms, catecholaminergic

effects, mood states, cognitive performance, reaction times, and vigilance in

this study. Indented items in the left column are symptom or mood factors.

The next column lists the scale type for each measure. Negative scales

indicate beneficial effects when their values decrease; positive scales, when

they increase. The center column shows the medium used to administer the

assessment instrument: C - portable computer, P - paper and pencil, S -

computer cards. The next column shows the number of items completed for

untimed measures or the test duration for timed tasks. The rightmost column

shows when we administered each measure during a test session.

I

I
l°-
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FIGURE CAPTIONS

Fig. 1. Effects of tyrosine treatment (mean + sem) as measured by the

Environmental Symptoms Questionnaire, Stanford Sleepiness Scale, and the

Catecholaminergic Effects Scale. In all figures, histograms for an

environmental condition show data for those subjects that were most affected.

The solid bars are for tyrosine treatment; the cross-hatched bars are for

* placebo treatment. All measures shown had a significant treatment effect for

one or both of the environmental conditions. An asterisk(s) indicates the

level of statistical significance (p < 0.05 *, p < 0.01 - **, and p < 0.001 I

The Environmental Symptoms Questionnaire (6) consisted of 67

statements describing various somatic complaints. The Stanford Sleepiness

Scale (15) had seven statements describing a sleepiness-alertness continuum.

Subjects marked the statement that described how they felt. The

Catecholaminergic Effects Scale consisted of adjectives or short statements

such as "able to react well" that subjects rated.

Fig. 2. Tyrosine treatment effects (mean + sem) as measured by factors from

the Clyde Mood Scale, Multiple Affect Adjective Check List, and the Profile of

Mood States (15). Subjects rated adjectives such as "troubled" from the Clyde

Mood Scale on a 4-point continuum using a card sorting technique. Subjects

arranged computer cards into categories to show their ratings for the

adjectives. Subjects checked adjectives on the Multiple Affect Adjective Check

List such as "panicky" if it applied to them. The Profile of Mood States

consisted of adjectives such as "lively". Subjects rated each adjective with a

5-point continuum with verbal descriptors. Table I shows the statistically

derived factors for these mood scales.

or-
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Fig. 3. Tyrosine treatment effects (mean + sem) as measured by cognitive,

reaction time, and vigilance tests. Addition required summing many problems;

each had three 2-digit numbers. Coding involved substituting nine symbols for

a numerical series from a code table, a task like encoding messages. Map

Compass Applications did not use compasses or terrain maps but required

conceptual understanding of their principles (24). When subjects performed the

Number Comparison task, they decided if two numbers were the same or different.

Each Pattern Recognition problem consisted of a model histogram and eight

samples. Subjects identified the sample pattern that was the same as the

"model. Finally, Tower Task is our paper and pencil version of the Tower of

Hanoi puzzle. Performance on each cognitive task was defined as number of

problems correct per min.

In the Simple Visual Reaction Time test the subject was instructed to

respond as quickly as possible to a nonperiodic visual cue on his computer

screen. Four-Choice Visual Reaction Time measured visual vigilance and

resembled the Wilkinson Four-Choice Reaction Time Task (17). During each

trial, a stimulus appeared at one of four locations on the display. The

subject pressed one of four keys on the keyboard to show the location of the

stimulus. Subjects performed two tasks simultaneously on the Dual Task

6# Vigilance Test. One task was a modification of the Bakan Vigilance Test; the

other, required "estimation of two classes of events in a signal stream" (18).

O.6
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CUMULATIVE

SCALE NO. ITEMS EXPOSURE BEFORE
MEASURE TYPE MEDIUM ITIME IN MIN) TESTING IMIN)

SYMPTOMS AND GLOBAL OUTCOME

ENVIRONMENTAL SYMPTOMS QUESTIONNAIRE C 67 260
CEREBRAL (HEADACHE) NEGATIVE
RESPIRATORY NEGATIVE
EAR/NOSE/THROAT NEGATIVE
COLDNESS NEGATIVE
DISTRESS NEGATIVE
ALERTNESS POSITIVE
EXERTION NEGATIVE
MUSCLE DISCOMFORT NEGATIVE
FATIGUE NEGATIVE

STANFORD SLEEPINESS SCALE NEGATIVE P 1 238
4

CATECHOLAMINERGIC EFFECTS SCALE POSITIVE C 44 270

MOOD STATES

CLYDE MOOD SCALE S 48 220
FRIENDLINESS POSITIVE

Nm>AGGRESSIVENESS NEGATIVE
CLEAR THINKING POSITIVE
SLEEPINESS NEGATIVE
UNHAPPINESS NEGATIVE
DIZZINESS NEGATIVE

* MULTIPLE AFFECT ADJECTIVE CHECK LIST P 132 225
HOSTILITY NEGATIVE

4 DEPRESSION NEGATIVE
ANXIETY NEGATIVE

PROFILE OF MOOD STATES P 65 235
ANGER NEGATIVE
CONFUSION NEGATIVE
DEPRESSION NEGATIVE
FATIGUE NEGATIVE
TENSION NEGATIVE
VIGOR POSITIVE

COGNITIVE PERFORMANCE TESTS

ADDITION POSITIVE P 3 124
CODING POSITIVE P 3 195
MAP COMPASS APPLICATIONS POSITIVE P 4 203
NUMBER COMPARISON POSITIVE P 199
PATTERN RECOGNITION POSITIVE P 3 120
TOWER TASK (POSSIBLE & OPTIMAL) POSITIVE P 6 265

REACTION TIME AND VIGILANCE TESTS

SIMPLE REACTION TIME (RT) NEGATIVE C 300 240
CHOICE RT (LATENCY & ERRORS) NEGATIVE C s0 110
DUAL TASK VIGILANCE (HITS) POSITIVE C t00 175



SYMPTOMS AND
CATECHOLAMINERGIC EFFECTS
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MOOD STATES
PLACEBO D TYROSINEEN
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COGNITIVE, REACTION TIME,
AND VIGILANCE PERFORMANCE

PLACEBO - TYROSINE1
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